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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the gas diffusion electrode to be used for a fuel cell. 
SOLUTION: This invention is concerned with the electric catalyst gas diffusion electrode for 
a fuel cell including a catalyst layer made out of solidified (ink) suspended matters which 
includes an anisotropic gas diffusion layer made out of a porous carbon matrix, catalytic 
carbon particles and thermal plastic polymer, carbon particles and poly(vinylidene fluoride) 
are distributed all over the aforesaid porous carbon matrix in such a way that the aforesaid 
matrix is uniformly porous in the lateral direction against the direction of a gas flow, and 
furthermore that it is so porous that gas can be infiltrated asymmetrically with respect to a 
gas flow, the porosity rate of the aforesaid gas diffusion layer is gradually lowered toward the 
end of a gas flow, the thickness of the aforesaid gas diffusion layer is roughly 50 /J m to 300 
fl m, the surface low in a porosity rate of the aforesaid gas diffusion layer is covered by the 
aforesaid catalyst layer, and the aforesaid catalyst layer is roughly 7 fl m to 50 fl m in 
thickness, and is also provided with metallic catalyst of roughly 0.2mg/cm2 to 0.5mg/cm2. 
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^tttistfcot, iWB#?Ltt*-*^ h y ^ 

K) i:*, SSE-v h y v?xffi#x<omrilz.%ti,x&lj7 
(cMW:^^^8St5 5^7U*-eS>5 J: 5 
tl*I*otffiTLt*5!l', aBE^ifc««Off$«:#&5 

7 /x m~&J 5 0 moe^fc «9 5.o&JRte8E£:#5j 0 . 
2mg/cm 2 ^0. 5mg/cm^n, iifjfB® 

#?y (t^yfy7^7^K) aKy-^— **#u. » 

[ ft 4 ] BMB#;* JtftJB * ft * # - # yg^^ 
^B. E. T. $ia»50mVg-^2 0 0 0 

F2. ^/wty^y^/^y, ^/PTfcWfc;:*? y ^— r* 

So 

[S**JS7] AM** — tf^tt-?-*^ ^]2 0 0mVg 
-*?)20O0m 2 /g^B. E. T. Sffi«£:*rf-£i6 
— /K>3r^T y T—$l^- (carboncarr 
ier particles) fCjgif £ HtV^ISM 

[fit 8 ] SIrlB»«^JR«t^8ftC*— #>-^+ y 

r -«3-±kj$- ^nm snt^a *&jk«3- **** 
i>A34*e>35c5W**5>a»i$iv Mfa#— y t— 

[»#E9] IWE^*aB«OflC**tt7 5/xm-£j 
150/i mTfcS, IS#^ i-lB*tf>B«L 
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im&mi 0] a98Ett«E/BOff$*S7/im~l 0/xm 
TfctK eAttjSESrO. 15mg/cm 2 -0. 5mg 
/cm 2 tn, »*3S 1 (ZLEttOWB. 

[fi*rill] .ffiKfcfeSEJias. 5-30%PVF2^o 
£157 0-9 5%*— ^^^fciS-frUfce^k-fr**^ 

i 2 ] mnmm^i&m'tz^m ufc^st 

a. #?Ltt#— h y 

yfy7/^7-f K) i^, ^^Ny 7^^^^o. 

*0i«:> 1) h*?*—±J7&m^X*—tf>'3iW{b± 

KSrflEffi lt^-^ v3cl##:± \^-M(Dy^ ?vj* 

U 2) tf?y (t^yf>7/^7^K) K»LT*» 

®fr%mi&£tix\,^temg&mmirzTM, - ~x\ 
aw»RiMtt#y-e-3j5#y re— fvw*/u*>\ T^y 

/i m-fi 5 0 m-Cfe loM*l^ 0 . 2mg/ 
cm 2 -&0. 5mg/cm 2 tn, mrfS^fc 
[ffiMfcigl 3] IS (a) (1) i-*5V>T. ffirlS^f^ 
ffitfcS^. N, N' -^f/V^A7^ K^f- 5 — 2 
5wt%<OPVF2**tf*}KS:fflv^»3gSJxS, n 
*m 1 2 J-SE«o*jfe 0 
[fi*3Sl 4] TM (a) (1) {^ioV>T> ffirlE^r — 
40 ^n^^fSit^ *-*^5y?, T^:^\/Z/-?7 

B. E. T. SIS»5 0m 2 /g-2 0 0 0mVg 

[ff*3Si 5] (a) (1) fciJVNT, #y (\f 

^y Ty7;Kl"7'f K) t^-^ve^iroyi/yK 
^y (e^yfy7;^7^ K) ir^-^V^t 

50 ia*«i6] (a) (1) ^^r, ^y (t^y 
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fy7;^7^f K) <Dfctb<D$&f&&i/? n^3MJ-^ 5 
-:^n^h>\ ^-^i^v^7— K N, N-v> 

Ky, N, N-^^vKTir* S K> 

[IS*3S1 7] Ig (a) (2) i^*5^T. SulB^ 
7K, *-9J—tV* zk/N, N' -S^^vV* 

y/p/V^K r* F7 fc: Kd77 JzU^H^ Wf; 

8] 18(a) (2) fcis^-C, mlfB^ia 

atoiSAasjBHiss — 3 0°c-e&>s, fi*3Si7{^fB 

[WNfcSl 9] 18(b) te*JWC\ ttj»W365#-Y^- 

[H*S2 0] 0. 2 5«FlH»-2^IBf-tofcoT2 
0 0°C-3 0 O^mSSrSBKH-S (c) 20 
^t*\ lf*3gl 2-1 9O0^ix^{rfE^O^a 0 

I»*«2 1] XS (a) (1) fclSVvC* «IE#? 

0«[*%<OPVF!Sr'&tp»!KS:fflv^ff5>ttS, ft* 
IS 1 2 IziEtf^Ss. 
[ff*JS2 2] Ig (b) # — #>±(^P 

t 3*aRRT2H±>K y <DitfiK 25:75 — 40:60 

[»**2 3] 18(a) (2) fc*5UvC\ KBffiK 
^Tks ^9 J — /K 7k tN, N-^fyI//t^A7^ K 50 

[0 00 1] 

"flyy/V^ry^ K) ( "PVF.i " ) ti^bm&ZtiStf 
[0 00 2] 40 
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[0 0 0 3] MttKtt, Ml?felil«ii:^tfJi-5 2 

3t7cfr^l*»ELT2tt0^a hyfc 2<B<om 
^tif)(7)yD hyte^lCJt (e 1 e c 
t r o 1 a y e r ) It # V— KK»Hrf5o Vf- 

-K^ii5 0 tftft(i7/- K*ssrSiabr*y 

[0 0 0 4] «M4«%<o«MKtt. laK^^-Y^ojUE 

[0 0 0 5] o^SJttifii^^a/BK (PE 

M) «S*|-ttft-eS> 9 , hvSESkW^KSrSaSt'f 
*txo-e&* 0 roPEMi«»l D«Ki:LT^ 

-5c -Y.^-^»K«2<Bco r^^JtftfcJ (7V — K 

[0 0 0 6] BBS*»ft:#:^f^-Cfc 5 J.o*^ 

Yk^S/S^ : 2H2+O2 — 2H2 0T&5, m@C0 
[0 0 0 7] 
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T / - K K JC Z -> 4IT + 46' 

* y — .K R * : o z + 4H* + 4e' > 21^0 

■att^^SK^m^jSKt^ra^fcieixs., pem 
[0008] #x&wcmM\*.Mwmmzis\,^xmwt£& 

tftb*), 1) RJESS|jffi^L-C^^o4t«« 
tji^m^t ; 2) «rfH5**aSfli^c i : 3) SSBM 
Oftf^<oB<o«««j3fi* ; 4) a«*i»7ktt/Sfektt^ 
;*5J:tf5) ^tt-^fcSo 

[0009] mnmmm<Drt*mmMK*-7$>7y 
[ooio] ^s^o*a^o^^t£»««itt^^>r 

y^-i:U^yrh77^axfi/y ( "PTF 

(D\,^ti<DmmfcbmM^ft^tc#>, mmmtvxi&m 

[0 0 1.1] «fftfflof7ny (S<ftffi«) 

*$tmmmfc. PTFE^^>tt^777^h 

izmg£tiz$K :<Oi/-ht?PTFEIW^i 
Lt^ffltSo hSrfla&a*. 00*. Ht, 30 0 

°C-3 5 Ot^fffiM^U ^y^-^tt 

tt^hy y^^^fPOat-. *HWI : JS4 > 8 4 7, 1 
7 3 PTFEt*<ote^*y-r— SiSrla 



1 0- 9 2 4 4 0 

(5 

— tfviteJztJtsKy-*'— h y 2/^^oM^ftS-|B«i~ 
5o *BH4W»3, 8 9 9, 3 5 4*W»tH # — <tf 
VtSSI- PTF E jo i t*;*7— # V£>ig^ £ £>Ki®fe£:« 

U #C^T\ hot h y y^^SrlJSLft J: 5 4**a 
Si t»it5 r 1 1- i 5^-#yfci;tJ«p t F E4fc 

te^t<D{&(Ds$}) ^?—<d-t v y ^^^(^guoaj 

[0012] Proceeding, Int. Powe 
r Source Symposium (l 9 9 0¥) 
fCjJolMT. C a b a s s ofci^Ma n a s s e n (IB 

**Sr»j*U 5fc^T% ^> y y UT#*lfc 

S K ■(PVFiSrWffi£*S*»0E) *^ft»S^:So 
C a b a s s o^te. ^< (O-^coftll0O"6j^ttAK y -r — 
«6fflLfc«»«»ftff=T* 1-ftfo*>, 2 0 0mA/ 

5°c-4 0°c) te±^^±9t>fibs^a5VNjE*o* 

[0013]Cabasso ffte, e^fettjKSr-SrcO^^ 

^rr^®^ h y ^^^co2«(7>M3ts^^bfc 0 

■tco 1 *jfeTtt, S^toa, PVF2*5J:U? 
rirf-J:^, a*»ilE4:««-r by 

#^««E*y-^--OEJB*aSr*i"5o 
[0 0 14] ia**+^<0»ifOflF3eH:, tf^lfclftBffi 
4>C0^7— ^ l^&WfclDiZltXDs^ is?— tUPTFE 

srttjBb (sftffiff) , mm^\^ 

P T F Ei^ftO«ffili)8*PtfcSo fi&a«F*— 
PTFESm a*y?y?, SfcttS^fi** — 

(IMSW j*frU co»fr«**-#>'#3£«P 
*±Kf=f#**6CtJ3iJ:9— (Rep 
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ort No. AFML-TR-77-68) 0 ffliftBS 
1 2, 5 3 8^m'MWlZ.m7F$inX\,^Z>£ 5 Jj—tf 

^(f looding) j HBO***i-*. 
[0 0 15] &4»ISto«ffltt*:±#**Sfcftfe 1 ft 

Sri^±5ttjdESrl OfflF*^$*a*ifedS, Los 
Alamos National Laborator i0 
y (Gqthesf i e 1 dl, J. Applied 
Electrochemistry, l2 2t, (l 9 
9 2^) III) Los " Alamos, New Me 
xico and Texas A&M U n i v e r 
s i ty, Col lege Stat ion, Texa 
s, Protote.ch^^li^fflaTHJ 
tltz (*BWr*4, 8.2 6, 7 4 2f) « ^tl^cD^ 

0. 4mg/cm 2 P fa*i-^)P r o t o t. 
e c hiciDlSBg^ixfcaffiS:, &V^, PtWy 
^y^^*S:LT, Sffiioiiiirp t (0. 0 5m 20 
g/cm 2 ) 0#«Sr«/*Lfco Cttb(7)11ii:Na f 
ion 11 2Kt^ffi^icrfcBJ|B|-«?l&ttS^^^ir 
LTHz-Oz^fffflttO. 5VtlA/cm 2 ^ 
U *f^5 0 HftttttiB(Ota4a*li4^oto G 
o t h e s f i c e 1 d^^P t ^^T£r0. 15mg/ 
cm 2 ^T^>$^^>^&SrfSig-r^ 0 C(p*feB:, P 
TFEKv'-HctftSS, Pt-CfeWNa f i o 

[0016] ASftttis^fcjofc, pftibifi»as 

[0 0 17] 

HBBUastfftLJ; 5 £*-<5«BB] Lfc^ 0 r> **W<o 
[0 0 18] *8«©iitoltttt, fMflP£ftofc*lHI* 

[0019] *«B(oitttt, *»aSBE^*#i-s^y 

5 r t ± 5 f&J fl¥ £ ixfc*?Ltt*5 ± ?L vHfc& fc otf* 
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[0 0 2 0] *#Wio££raW<DBttB: % ^f^SttfcS*; 

[0021] **w<o**5S&Ksij(oafl«jtt, — shme 

[0 0 2 2] 

mffite, (a) #?Ltt#— h y y*;*3&>&jeft£ 
ifcli~T:& 9 s N y y <^iffiHtc 

-»3 0 0/zm-ejb5^ "t LT, (b) ftkjBE*—#^tt 

m(Off$-efc9 % *LT&JK«tt£#&0. 2mg/cm 
2 ~&J0. 5mg/cm 2 tt^ 1512 (a) *5it* 
.(b) ^?)«Jn5o 

[0 0 2 3] suosffi-ettx **Wtt*R»«;»<ofc«>fc 

(a) *?Ltt*— h y y^^d^bjRiftSixsa*- 

^^•^ h y c& 5 ^-^yS^i:/Ky (tf- y 
^v^i^f-^ K) t^, h y y^^sP^coSt 

If«5 0|im-S3 0 0|im(Dl|^"efc^ ^Kffiifc 
S^Ts 1) 7Srfflu%T*— *^3t»*±K 

^y (t^yfV7^7^f K) K^xf*—^*?? y 
^<ofc«>^j8t*{-^«pLfc>Ky (tf^y^v^/w^-? 

-f K) tils-???* hm-f^is K^Jffii^LT^— 

U 2) tfy (^!if>7^t7^ K) fci^-^ 
L> ^L"C 
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**J5 0 /xmOff*-eas>5AoAJR*fel)SESr»0. 2mg/ 
cm 2 — mO. 5mg/cm^tn o 

[0024] *tfy -7— *»«»<0^^*fcifc»Bi 

"CfM! LttOft^tt (integrity) Srtt# . 
U ^oi^7ktt^-^^^ 0 «B*<oS£&« (Pt) fi* 

z> m&m: t> mm-r z> 0 p t <D%iim\±&m< u 

±tWl?-iW»**/ho<*a5-c«< % jftj-ufej; 

-7Vl*Wig<7)«ffi (3gffl#fffJS6-6 7. 2 9 8f) ^< 
^ELTl/^ftiJffi (side) ^P?L<7>— Sfeit/m^ 

tefilfl¥SCS:»fci- 0 Ifc^ot, (crossov 30 

e r) ffljH*t>fcti"*e>>fc5^<Ol£»*B6C. 

-h, ^y (t^yf>7;^7^K) tf-7hy y 

K) telfckte, (»1 6 8°C(£>Tm) *5it«l£* 

(»3 5.tiOTg) *t>o^ft^y^- 

Sr^-f^o ^y (fc^!)f>7;^7>f K) 40 
Si ( I . C a b a s s o ^ "Encyc lopedia 
Po'lymerScience and Engin 
eer ing\ John Wily & S 

ons, Inc. 1 9t, I5 0 9I (198 7 

[0 0 2 6]**Bm p^y (fc^y^v^/^^-r 

K) sff>4ft^£«:J[&2 0 : 8 0-&J4 5 : 6 5 <D 
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fcbT, tfy (lfx!Jfy7;Vt7^K) fit. >^ 

[0 0 2 7] *»B<o^t»Hilitt^|^tri 

[0 0 2 8] fR— «NfH:CtB£«:ttffl It, 5 0 ju rn 
&m±Z>m£. »^L<}«7 5Mm^^ g]300 
*f * L < te, ■ *6 1 5 0 m rn*»^J?^^W-T 

Sr^tfo 1) **tt*-#v3t«r#:±te 

f—r^y&m^xtfy (fc°-yfy7^7^K) f 
<o*«E+K**bfc3iKy (t 0 -y^v^yw^-^-f K) * 

^±(--Sco^-f^A^ffML, 2) y. .(t^y^v 

[0 0 2 9] *ZL«»tt, 3^T^9 LT*—# 

5 0 /i m*l, »^L<ll»10Mm*»T$)§ o -O' 
^2 5:7 5-4 0:6 O^fe^o *38W<£>mffitt:, # 

[0 0 3 0] — *^3t«F#:tt, m 7 ix m&M 

»*U<«. «J2 5Mm*^(Oi¥$(7)i8*itt*fcfl#?L 

[0 0 3 1 ] a*fc«<0*-3R>-W:, Mill *^J5 0~^j 
2O00m 2 /g^B. E. T. SKJ: 

{-^S"Jbfcttffi<0^-^V^TfcSo B. E. T. & 
^7— ^^*&*fi*S)5 OmVg-^2 0 0 0m 2 

2 0 0m 2 /g^6 0 0m 2 /g(DB. E. T*ffiW^r 

$TO^ti^5t/^-^^^i ooot;^ 
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[0 0 3 2] B. E. Tgfctt, *I«*ftStSBru 
naver— Emme t t — T e 1 1 er &}^^~t~5 0 
[0 0 3 3] T^-^^^^^^j t\s^ommte. So 
1 ornonWi?)^fc*I#I^4, 4 4 0, 1 6 7 

[0 0 3 4 ] *t)5 0—^3 0 0m 2 /gCOB. E. T. 
Ls til»6 00m 2 /g*T^B. 

e. t. m&mxu&itz^k&x^Zo 

[0 0 3 5] 3Rv>^9y^O*B»ttB:««it?# 

[0 0 3 6] S*Ka**-*v^7 * 

0*Jx.fi. BLACK PEARL 2 0 00O 
±?4BLACK PEARLS (ffiS) , VULCA 
N QSfiE* Wtlt Vulcan VX— 72) > KE 
T JEN BLACK EC3 0 0 J 3-^ 
#L A k z o Chemie Americo ofB 
ur tco^M) > ffite^t 7tfl/^5y^C-10 
0, *fc»i-tixe><Oj!ft^««?365j > 5 o A^i^KET 
JEN BLACK«*»fl K]9 0 0^1 0 0 0m 2 50 

/gi-&^B. e. t. ttWSfeTfrt&jrJjV^T — * 
*zfy v?XtbV. ^Lt, mcEC3 0 0 J f*9 5 0 
m 2 / g<Dmffim$:&-f%t&t>frZ> 0 KETJEN 
BLACK EC 3 0 0 Jfi^yft^y (mes 
ophase carbon) ^T*t 

y- KMCiStfc 3 i 5 ftjjfcfcjg 

[0 0 3 7] Kl inedienst (CSTT 6*ffl#fF 
*4, 46 1, 8l4fPBt(a^t, KETJEN 40 

B LACKt>f^77^y7 y^»*ffi« (9 0 
0m 2 /g£jg;t£) *5i^f;l/7^l/-h ( "D 
B P w ) v&$L$t<D%tjj&'gi\,\ K 1 inedienst 
te, AS TM^D- 2 4 1 4 - 7 0 KJ: D DB PB54X 
Srft**t-St#, KiRlftfi. 100g^ 

^ ^ Sfc <9 1 2 5 c m 3 ^gi^) 
2 3 0 cmVl00g^ii^) 

te2 5 Om 2 /g£riB;i5'<#-efc0, ft5Stf>4#tt:£*r 
ETJEN BLACK(ODBPK«fiKl i ned 50 
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1 e n s t i-J: ?) 34 0 cm 3 /l00 gt&StS* 
£ixT^£ 0 7Wuy^7y^tt, Bi^DBPSftifc^l: 
TfciaMftl^B. E. T. «SSf^>faiR]«-*>5o 
Lurgii/^V^^^ (Lurgi Um i v e 

t tiictr^Ch emotechnik GmbHrt^A 

^-e#s) te^s-itj^B. e. t. «ffisre&9 (1 

2 0 0rn 2 /g£jg;i£) , fJ£V^D B PMS (10 0 

*W -e*>9#6. rcsxj (b i 

1 1 e r i c a , MAC0C abot Corpprat 
i on^?)A¥t^) ^ffiV^B. E. T. tlitS 

[0 0 3 8] (e^yf>7/^7^K) as±tf*. 

— tflszfl'}' K©fc*OS«ftiffl«lCte* i/#u^3cy- 
>\ fi-yfo?^ ai^U^A — N, 

N-^f;V*;l/A7S K ( a DMF" ) „ i?J f/UX 
/Wfc=¥v'K ( "DMSO" ) N N-^f/^ny K>\ 
N, N-^y^/WXir^ K ( "DMA" ) ib^^DM 
Ftfh7t Ko77y ( " T H F " ) 

»it»i#5 e io-2oas%^»7jfy 

(tr^y^7^*9>f K) *DMFC8*t5. 
[0 0 3 9] stfy (t^!iry7/^7^K) 

[0040] Vulcan XC-72, T±^U>^ 
77^C-10 O&JzU^B lackPearl 200 
0£>Jt pft^TLtt*— r<E>«i;5ft*— 

5 ft*— sRvttSH-ttajR-t-So VulcanXC-72 
3fo i 5 fttSi/ Sr fc o* — * v Sr^ffi f 6 4S^. 

/$-r$ffi^?Ltt^ h y ^ ^^^2pttft«m«?tb*jS:« 

E^ttSflSv^*. BP^ 20 ps i-lOOps i 
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[0 0 4 1 ] iSSKiRojB^jftSrfieffl.i-S ^tlzXV. 
yfffl^M^tSItt Sri a^jj! Lft^-CJiV^c 
b^S, Vulcan XC-7 2^5 4*-*^ 

(dmf) fciowy (tr^y-7*^7^*7>r 

<«a^LT»»**r»a 0 SJtEft^cOjg^iKtt. ^tr — ^ 
[0 0 4 2] A»ft^^i£1ft«aiojgj*tt, ~(DJf*tt: 

t&!&m-r?foz>o j?*i±mfc^fov, mhmm<D^t^ 

<0*^ftV^ tffl1& (open) J X~$>Z>tfx1£Wtmfc<Dm 

ii^SU tfx&t£WctZ>fci,tz&<>x. m*®^ 
ftP> ^Ny ^*<D^J;P/h£<ft6 0 Ltz&o 
T £ J: 5 5- 2 otf>#»«*ffiJB £r t> o**tt*?l«3a 
[0043] CabassofOl 9 9 0¥^JHE 

h ft e> * v ^ - t a* jlv % tz $ titz 0 m^si&m L tz x 7 

[0 0 4 4] vMi y^^^*5«tS^lt»*5J:tJ«^ 

tttttolt*l:i:ot»TJb5. 



(8) «WW 10- 9 24 4 0 

[0 0 4 5] a54«iffifiS«l?^- 3 OtfcX-S 

L<te, -2 0°C£ PJSi^fiSdMfeffiSixio *H«dS 
2 5t-4 , C(Djai#iJ4 L<{£I8£*l£o 
70 [0 0 4 6] /Ky (t^y^^y^K) KtLt 

T2 0 : 8 0-8 0 : 2 0 ©*«ifc-ef^?>JX**»«T- 

^fttfcot 1 0 : 9 0-90 : 1 OcoSSJtOOt 

±WyyoyV-7i/»#fc5o IMfiPiCaCl 
2. LiCK NaCl*5<t»LiN03*d5fe5 o ;K y 

[0 0 4 7] 

(SiKfiflS 1 ) K^ffiK (DP-5, 2 0 0 ; 200 
m 2 ) # — ^7y^ (Cabot, Inc. ^bV 
ulcan VX- 7 2 R i LTrfjflg) *5J:tfcKy (tf 
50 =yfy7/vt7-f K) (*¥^^m : 6 0, 0 0 
0) S:ttfflUTaaMEffiftK«t 9^it»«SSr»iSL 
fc. ^-^y^^^^^^y (t?-S f^y^y^ 
K) *5«fctfN f N-^fyv^A7;K(7)20wt% 

^ ^ y.— sr^-rss^Kiaa^ESrffiffl it 3 o^-ra 
^Kfe^^y-^o. 0 1 5 //i?$<^W7kl4, .^7— #^ 

Jn3tWfc (Zol t e k^f)P a n e x PWB- 3 t 

[0 0 4 8] 9:^T\ r^^-f ^^Srltt^r^^Tkffi 1 ^}- 
■c?L^-ft*»:*K*# < ftp, *ffifc*3i,vr ± p/J^ft 

50 Sr2 5 O'CTn B*TO&wmLfc. 
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[0049] mmm ui/t j mmm^<ox. 5 

-r^t>h, 0. 0 6g^yt^!lry7^ 
t7^K (PFVz) ^4 gC02 -y>us<J— sU&iXZF 

o. o 5 g ^)if>f t yMBffitt^j ( h y h y - x - i 

0 0) &£Wu lean VX-7 2 # — tf^:/^ :y 
^±co0. 3 g02 0 w.t %P t SrPF Vz3D>f 

co r^^^j *^i^^L^: 0 S^MBtt, 6. 9 8 
gCO r^y^j a»12 6cm ? (OMi5ii:i 

^iitO. 3 0mg/cm 2 O6Mtlfc o 

s^^^j-ffi^4 o Ao^ia^i'efe6 0 2fc^-c\ 

1 1 2 0#r^2 5 O^DHRbZ-cio ^com®(DKffB^|13 

2 sc^-r 0 

[0 0 5 0] r o ± 5 ft*S-e«56tfc^a:*tS* 
H2/OzMlffi-eMlfc 0 -(om«fOto»J^r0. 
5 w t hVfcl 1 7Na f i o ng^^ffll^T 20 

ttWfeO ^LtiEtfCNa f i o n 1 1 2K 

(SfcttNaf ioni niK) iafe 0 1- 0 2VO 
Z/>±;UW± (open cell voltag 
e) ZW\7£Vtz 0 H3tt, mMm 1 KLfc*SoTjKitb ■ 
fc^JtStS^itfNa f i o n 1 1 2*5ctt5l 1 7 

WlOlltNa f i onl 1 2«l^80t^ 30ps 

ffift^^^-r 0 o. 5v, i a/ cm 2 mMmm^^^ 

TO. 6W/cm J (OlMS (power dens 30 

1 t y) Sr5l#UJt-ci:^"C#, c<o«S^S»^ttffi 
Sr^-To - <0««(0*Jffl*W: 2 6 9 , AffiJa 
RiteO. 185Q/cm l Tfc^ Ta f e l^Efj; 

0. 0 5 9V/f^- K (decade) T*£>ofc 0 

ufc 0 in o. 5 vco— j£mEEfci$tfz>±/umm& 

6^«§S£*Wi 0 40 

ft. nt&m i ^ffi^g!)Sif; 0 (t^yfy7 

K) fci^Ttf-^? C - 1 0 0*- 

L/c Q ^(D-?^ >VM» % WA.X 2^r2 — v — ^M 

Na f i o n 1 1 2MSrffl^TMatbfc^m?&^, 

1. 0 V(D^-— ^-feyU«EE-eS>9, 2 5°C, lgET 50 



0-9 24 4 0 

/6 

©0. TVCio^-r, l«&i2 0 0mA/cm 2 ^ 

(IBBW3) Stt^±co&^0. 5g (l0wt%P 
t, Fluka Chemical, Inc. ) £r 1 . 
6 gcODMF t DMFf^ 1. 6 gOl 5w t%PVF 

^A^ift^^v7k^^3 oi*rpia7tc$^T^^/w^^ 

WU #flffci<fti*U Siiif^Atit2 4 strait 

Jft£*fco ttflBiO&^tttO. 5mg/cm 2 T^ 
ofCe ^J^bfc^itmmfficO^^^ 1 5 0 jU m-Cfc 
ofc 0 r^tttlfliNa f i o n 1 1 7J3H£{£/B 

0. 4 5 VCfct^ 5 0 0 m A/ c m ! 

(*Jfc0»l4) _K*fc«fektt(0* — (5-2 
0%®1) , Ttfl/^7^^C-10 0 (Chev 
ron Chemical Co.) (^®^g^ 6 0m 

2 /g) <ommft, ^fominjjfe&mvi&utco ~ 

(O*i«-C»!jBBt(Ofi4(O*B*Sli0 . lmg/c 
m 2 -efcofc 0 (rixd^^ttti^^I 2 # 

tt, jR2*— 2jO«t^Sr=fiTb35cv^»fl»J: 5 t> 2 0 0 
mA/c m 2 (DMM^^^^X l 0 0mV$ftLf; o 

(*«W5) ®*«36B^i9 0. 6gVulcan# 
— tf^Zf^yir t 0. 4gPVF2<t£r6. 7g(DDM 

^ #>*±k y& y^m^^xmm 

I. 7k, ^fcli:fh7t Kn77> ( "TH 

f" ) *fcr±3i^y— /w) 4>(-jSL7t 0 ft^-e, ^isl 

&^-f^ASrffl,KLfc« 121 (Vu 1 c a nVX-7 
2#-r.rflszf7 JiCOO. 5gPt^fl) 1 . 6 
gDMFtl^SSSS^ DMFf(0*5^^y (15 

wt%) tomen. 6gtjg^u &wr% k*#— 

Scgbfeo *^T% #^tLfc«ffi4:S*#iaStT2 5 0 
< C-C4«Fm*P*RUfco »?>ttfc*»tStt-5mg/c 
m 2 <DP t Sr^Tbfco 
(^5S;^J6) (t^t°ny K>) PVPSr^lfc 

7L7^;^-tU^Lfc^ IQfc«3(0*feSr«k 

^JRirfi^Lfco igg^T, PVP4r*-C3 0B««S:iB 
C^irfci9l^^fc 0 r^jtRttfcNa f ion 

i i 7 m^m^xm^vtzmnmMco^±/vmj^ (o v 

erall cellvoltage) 2 0 0 m V 
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zmm Liz&&nm&m i (o^m^^tc^^x. -o*> 

zkfcitfS 0**»(O3i^/— ^5>«fi8$ixfc 0 Jg2 

(tfr^y ^v^/u^-^xf k) *5J:tf^f-yv*;WA7 5 
Kl^ft*Hfc2i(D^-^>y7 s>^<D 1 OSS 

y-«r*-#^3a**±lc«BEL, «EV^-C, l 

1 5%[Rl±bfc 0 

[01] iill *««toPVF2-*-#yftWI 

sofo ow^^ififat (s em) ^*t?a> 

(a) i4|ffflW-CiS)5 (b) tt*ffi^K-es>*. 



(10) 0-9 2 4 4 0 

[0 2] H2I1 **8BOPVF2-*— sS^4t1R« 
«OWa«:3l-t'2 OOflaFO***^***! (SEM) of. 

nx&z> 0 (a) ttr^^-i;?x-efc9, (b) » 

[03] 03te. #^8 0°C, 30psig^J:t/8 
0°C, 60ps i gic&ttS'JBkttl KBtLfcilDfc 
KitUfc^itltttWiirNa fin l.i 2 ( ) *5i 
1*1 1 7 (O) (t*^Wt5**BO«»tft«**tt 
f-o^TcOir/UfltfS: (-tryvflJE (V) ) (A 
70 /cm 2 ) ©^77t&5 0 

[04] @4fl 8 0t*5<ttf30ps i gtKSL 

a f i n ii 2m&^ir%&ftw<DMmmmMj&m 
[05] so ttis** «30k« i ^tm v tern 5 jcm 

itbfcffiifca^irNa f i on 1 1 7R*^t5#« 
m 2 ) #^ y - KSS*^(0»«E*0^77-efe 

So 

20 



[02] 



(12) 



¥tm¥- 10-92440 



[0 3] 



r * 




1.00 
ft ft n 
















0.60 










^^Ve. ^*^^"-^^_^lU<l«m lit 






0.40 

• 










117 






0.2 0 








0.0 o 


'""'""""""■"■■■■■■■.■t.i.,,i,,,r, . . 



0.30 0.S0 0.90 1.20 

^ cS ^ S {A/cm*) 



[H4] 



1.00 



q 1.O0 



0.60 




E 
o 

H 
0 



« 2fi fB S Aycm* 
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(13) 



OZmW- 10-92440 



[05] 



1.00 c 




0,00 



1.00 



2*0 0 



(12) ^j^nvu- • 

y^7^*H— a.— 3— ^i-H13210, 

131 



131 

(72)»W* S/**-*- 

7^ y ^7-^*H^ y 7*/l^Tjl+l94555 f 

4862 



-13- 



